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A.  RESEARCH  OBJECTIVES  (STATEMENT  OF  WORK): 

1.  Prepare  a  brief  climatology  of  vertical  velocities  at  Poker  Flat, 
Alaska,  from  MST  Doppler  radar  data,  and  to  compare  the  radar  vertical 
velocities  with  Indirectly  computed  vertical  velocities. 

2.  Compare  the  vertical  velocities  measured  with  the  ST  radars  at  Poker 
Flat,  Plattevllle  (Colorado),  and  ALPEX  (France),  with  Indirectly 
computed  vertical  velocities  to  determine  the  synoptic  conditions  under 
which  the  two  data  sets  give  comparable  results. 

3.  Draw  conclusions  regarding  the  Interpretation  of  MST/ST 
radar-measured  vertical  velocities  as  synoptic-scale  velocities,  based  on 
the  above  comparison  studies. 

4.  Examine  the  cross-correlation  functions  of  MST/ST  radar  winds  and 
nearby  radiosonde  winds  at  Poker  Flat  and  Plattevllle  and  estimate  space 
and  time  scales  over  which  a  single  observation  can  be  considered 
representative  within  given  bounds. 

5.  Use  data  from  Poker  Flat  and  Plattevllle  radars  to  make  case  study 
comparisons  of  small-scale  turbulence  and  gravity  wave  activity  during 
various  synoptic  conditions  and  analyze  Interactions  between  the 
small-scale  turbulence  and  gravity  waves  as  functions  of  the  background 
flow. 

6.  Use  network  radar  data  from  Colorado  to  determine  joint  space  and 
time  relationships  of  the  occurrence  of  waves  and  turbulence  under 
different  synoptic  conditions. 

7.  Analyze  the  variability  of  the  refractive  structure  constant  under 
different  synoptic  conditions  and  at  stations  in  different  terrain. 

8.  Determine,  from  Poker  Flat  and  Plattevllle  long  term  data,  apparent 
diurnal  and  seasonal  variation  In  the  structure  constant. 

9  Examine  the  frequency  spectrum  of  Cfj  as  a  function  of  location, 
altitude,  and  season  to  see  If  Its  shape  and  amplitude  appear  universal. 
Compare  the  observed  shape  with  predictions  from  wave  and  turbulence 
theories. 
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B. 


STATUS  OF  THE  RESEARCH  EFFORT: 


1.  A  brief  climatology  of  the  vertical  velocity  at  Poker  Flat  from  MST 
radar  data  was  given  In  refs.  2  and  15.  It  was  found  that  the  frequency 
distribution  of  vertical  velocity  can  be  approximated  as  the  sum  of  two 
normal  distributions,  one  of  which  has  variance  about  an  order  of 
magnitude  larger  than  the  other.  This  dichotomy  reflects  the  occurrence 
of  so-called  quiet  and  active  periods  observed  In  the  time  series  of 
vertical  velocities.  The  active  periods  correlate  well  with  strong 
horizontal  winds  at  the  local  terrain  height  {near  3  km  at  Poker  Flat), 
suggesting  that  the  enhanced  variance  Is  due  to  gravity  waves  launched  by 
flow  over  rough  terrain.  This  result  supports  similar  Interpretation 
given  earlier  from  case  study  analyses.  A  second  source  of  enhanced 
variance  Is  convective  activity,  and  the  typical  standard  deviation  of 
vertical  velocity  Is  nearly  twice  as  large  during  the  summer  as  other 
seasons.  Long-term  mean  values  of  vertical  velocity  are  near  zero  (as 
expected  for  mass  balance)  and  show  no  obvious  pattern  except  on  a 
diurnal  basis.  The  vertical  velocities  In  summer  have  a  pronounced 
diurnal  variation  over  Poker  Flat,  with  maximum  downdrafts  during  the 
afternoon  and  amplitudes  of  a  few  cm/s  In  the  mid-troposphere.  This 
variation  Is  believed  to  arise  from  mountain- valley  circulations.  The 
autocorrelation  function  of  vertical  velocity  Is  that  of  a  mixed 
moving-average  autoregressive  process.  The  time  between  Independent 
observations  of  the  vertical  velocity,  determined  from  the 
autocorrelation  function.  Is  found  to  be  about  15  minutes  during  active 
periods  and  about  9  minutes  during  quiet  periods  (ref.  15).  The 
frequency  power  spectrum  of  vertical  velocity  (ref.  11),  which  is  the 
Fourier  transform  of  the  autocovariance  function.  Is  found  to  have  a 
universal  character.  The  shape  of  the  spectrum  during  quiet  periods  Is 
nearly  flat,  following  an  f*  power  law  relation  with  frequency,  below  the 
Brunt-Valsala  frequency,  and  then  decreases  quickly  at  higher 
frequencies.  The  shape  and  amplitude  are  very  similar  at  stations  In  the 
arctic,  mid-latitudes,  and  tropics.  During  active  periods  the  spectrum 
contains  much  more  energy,  especially  at  longer  periods,  and  the  slope 
approaches  -5/3  which  Is  similar  to  the  slope  of  the  spectrum  of 
horizontal  wind.  The  Interpretation  of  the  spectrum  remains  a  topic  of 
discussion,  and  most  efforts  so  far  have  relied  on  the  theory  of 
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quasi -two-dimensional  turbulence  and  the  theory  of  Internal  waves  (ref. 

10,  17,  and  19).  The  vertical  velocity  spectrum  observed  during  quiet 
periods  Is  widely  believed  to  represent  a  spectrum  of  Internal  waves. 

The  spectrum  during  active  periods,  as  well  as  the  horizontal  velocity 
spectrum.  Is  In  many  respects  more  consistent  with  a 
quasl-two-dlmenslonal  turbulence  spectrum  than  a  wave  spectrum. 

2.  Comparisons  of  the  time-averaged  (3-  to  9-hour  averages)  vertical 
velocities  at  Plattevllle,  Poker  Flat,  and  from  Alpex  with  vertical 
velocities  computed  using  NMC  data  and  the  equations  of  motion  have  been 
made  (refs.  1,3, 5, 6, 7,  and  16).  It  was  found  that  during  active  periods 
the  radar  mean  vertical  velocities  were  often  biased  by  standing  lee 
waves,  and  that  the  radar  data  were  representative  of  only  a  small  local 
area.  Further,  the  variance  of  the  vertical  velocity  during  active 
periods  Is  so  large  that  the  mean  could  not  be  determined  with  sufficient 
statistical  confidence  to  be  useful.  However,  on  a  long-term  basis  the 
bias  due  to  lee  waves  averages  toward  zero,  and  the  radar  data  are  useful 
for  climatological  studies  of  vertical  velocity  patterns  (ref.  6). 

3.  During  quiet  periods  the  standard  error  of  the  mean  for  9-hour 
averaged  vertical  velocity  Is  typically  2  cm/s.  During  these  periods  the 
vertical  velocities  measured  by  the  radars  and  computed  from  radiosonde 
data  usually  agree  within  this  limit  (ref.  6).  During  some  cases  the 
radar  values  are  larger.  Indicating  that  the  radar  data  are 
representative  of  sub-synoptic  scale  motion  systems,  rather  than 
synoptic-scale  systems.  Results  from  the  radar  network  operated  in 
France  during  Alpex  Indicate  the  spatial  scale  of  the  vertical  motions 
measured  by  the  radar  Is  considerably  larger  than  50-km  radius. 

4.  Rather  than  using  horizontal  winds  measured  over  the  radar  and  from 
distant  balloon  stations,  the  study  was  made  using  vertical  velocity  data 
measured  over  the  radar  by  two  independent  radar  techniques  (ref.  13,21, 
and  23).  A  lingering  question  concerning  the  Interpretation  of  vertical 
velocities  measured  with  a  vertically  directed  beam  was  addressed.  The 
Issue  was  whether  or  not  quasl-specular  reflections  from  tilted  layers 
moving  over  the  radar  lead  to  a  contamination  of  vertical  velocity 
measurements  by  the  horizontal  velocity.  No  evidence  of  contamination 
was  found. 


5.  Case  study  comparisons  of  the  interaction  of  small-,  meso-,  and 
large-scale  motion  systems  have  been  made  (ref.  14  and  20).  The  most 
striking  feature  of  these  results  Is  the  evidence  that  gravity  waves  and 
small-scale  turbulence  can  be  launched  simultaneously  In  the  free 
atmosphere,  near  the  edge  of  an  approaching  jet  stream.  In  one 
approximately  nine-hour  period,  as  the  horizontal  winds  over  Plattevllle 
near  the  tropopause  Increased  from  25  to  45  m/s,  the  standard  deviation 
of  vertical  velocity  showed  a  sudden  burst  of  activity  emanating  upward 
from  near  the  8-km  level.  At  the  same  time  the  backscattered  power  near 
the  8-km  level  Increased  by  nearly  10  dB,  clearly  demonstrating  the  link 
between  local  generation  of  gravity  waves  and  small-scale  turbulence. 

6.  Stations  from  the  Colorado  Profiler  Network  have  been  used  to 
examine  the  effects  of  underlying  terrain  on  backscattered  power  under 
differing  synoptic  weather  conditions  (ref.  20).  It  Is  found  that  the 
strength  of  small-scale  turbulence  Is  closely  related  to  the  zonal  wind 
speed,  l.e.,  the  wind  across  the  mountains.  The  response  to  increased 
winds  Is  stronger  at  stations  very  near  the  mountains  than  for  Fleming, 
which  Is  located  In  the  high  plains.  Using  the  standard  deviation  of 
vertical  velocity  as  an  Indicator  of  gravity  wave  activity.  It  was  found 
that  waves  and  turbulence  can  be  generated  simultaneously,  and  that  the 
episodes  of  enhanced  turbulence  appear  at  all  stations  In  the  Network  at 
nearly  the  same  time.  This  result  Indicates  that  the  enhanced  turbulence 
occurs  on  scales  at  least  as  large  as  the  Network,  and  Is  not  a  highly 
local  phenomena;  this  Is  of  Importance  for  future  parameterization  In 
models  of  energy  loss  due  to  turbulence. 

7.  A  climatology  of  Cfj  has  been  prepared  (ref.  12  and  18).  Data 

from  Poker  Flat  and  Plattevllle  were  used.  Principal  results  Include  an 
extensive  demonstration  that  the  frequency  distribution  of  Is 
log-normal.  This  finding  has  Important  consequences  for  the  Initial 
processing  of  radar  echoes,  as  well  as  for  the  scientific  analysis  of 

cj}.  The  autocorrelation  function  of  log  can  be  modeled  as 
the  product  of  a  first-order  autoregressive  process  and  a  random 
process.  The  associated  Integral  time  scale,  an  Indicator  of  the  time 
between  statistically  Independent  observations  of  log  C*,  decreases 
with  altitude  from  25-45  minutes  In  the  troposphere  to  about  18  minutes 
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fn  the  stratosphere.  The  power  spectrum  of  log  Cj-  follows  a  power 
law  relation  with  frequency:  at  periods  greater  than  about  2  hours  the 
spectral  slope  Is  near  -5/3  and  at  periods  less  than  2  hours  the  slope  Is 
near  -1.  Monthly  mean  values  of  log  are  largest  In  the  winter, 
and  show  a  secondary  maximum  In  summer.  The  winter  peak  Is  apparently 
related  to  Increased  jet  stream  and  barocllnlc  storm  activity,  and  the 
summer  peak  Is  believed  to  be  due  to  convective  activity.  The 
correlation  of  three-hourly  values  of  log  cjj  with  wind  speed  over 
month-long  periods  ranges  as  high  as  0.8  and  has  a  median  value  near 
0.3.  During  certain  periods,  Cj-  also  depends  on  other 
meteorological  variables  such  as  boundary  layer  Inversions  and  gravity 
wave  activity.  Monthly  mean  values  of  log  cj-  correlate  more  closely 
with  an  Indicator  of  the  Intensity  of  gravity  wave  activity  than  with 
wind  speed  or  the  coarse-scale  wind  shear.  The  mean  value  of  log  C{* 
decreases  about  2  dB/km  with  height. 

8.  The  diurnal  and  seasonal  variations  of  cjj  have  been  determined 
using  backscattened  power  data  from  Poker  Flat  and  stations  In  the 
Colorado  Profiler  Network  (ref.  9  and  12).  A  statistical  analysis  of 
these  data  shows  there  Is  a  significant  diurnal  variation  during  the 
summer  months.  In  the  ml dtropo sphere  the  diurnal  range  is  near  7  dB  with 
largest  values  In  the  afternoon,  and  probably  arises  from  the  enhanced 
turbulence  and  moisture  levels  due  to  convection.  In  the  stratosphere  In 
Colorado,  the  diurnal  range  Is  about  5  dB,  with  smallest  values  In  the 
afternoon.  The  stratospheric  cycle  Is  Interpreted  as  a  response  to 
modulation  of  the  amplitude  of  gravity  waves  propagating  upward  from  the 
troposphere.  The  diurnal  cycle  at  all  heights  becomes  Indistinct  during 
the  winter  months. 

9.  The  frequency  power  specturm  of  log  C^  at  Poker  Flat  and 
Plattevllle  has  been  studied  (ref.  22).  Variations  of  spectral  shape  as 
a  function  of  location,  season,  altitude,  or  speed  of  the  background  wind 
In  the  upper  troposphere  are  very  small,  suggesting  that  the  shape  Is  a 
universal  function.  Spectral  amplitude  changes  are  also  relatively 
small;  the  largest  difference  found  Is  about  3  dB  Increase  from  winter  to 
summer.  The  shape  of  the  spectrum  Is  that  of  a  power-law  dependence  on 
log  frequency,  and  has  a  slope  near  -5/3  at  periods  longer  than  about  2 
hours  and  a  slope  near  -1  at  shorter  periods.  The  -5/3  slope  region  Is 
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reminiscent  of  the  shape  of  the  spectra  of  horizontal  Mind  and 
temperature;  the  latter  appear  to  be  most  consistent  with  a  spectrum  of 
quasi-two  dimensional  turbulence,  but  are  also  held  to  arise  from  a 
spectrum  of  Internal  waves.  It  Is  found  that  -1  slope  regions  have  been 
detected  In  the  spectra  of  winds  near  the  tnopopause  In  the  vicinity  of 
patches  of  clear-air  turbulence  encounters  by  aircraft.  In  the  spectra  of 
ozone  near  the  tropopause.  In  the  spectra  of  radial  wind  velocity  as 
observed  by  MST  radars,  and  In  the  spectra  of  wind  velocity  In  the 
earth's  boundary  layer.  There  do  not  appear  to  be  any  extant  theories 
which  could  readily  be  applied  to  explain  the  -1  slope  region. 
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(a)  The  Principal  Investigator  served  as  a  member  of  a  Delphi 
study  group  to  Identify  emerging  technologies  with  the 
potential  for  rapid  advancement  toward  practical  use  which 
was  conducted  under  sponsorship  of  the  Under  Secretary  of 
Defense,  Research  and  Engineering,  by  Science  Applications 
International  Corporation.  This  activity  took  place  during 
the  spring  of  1985,  and  was  all  conducted  by  phone  or  mail. 
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at  topics  of  general  scientific  Interest,  as  evidenced  by  the 
list  of  publications  and  papers,  while  some  work  was 
concerned  with  technical  Issues  of  radar  operations.  For 
example,  an  algorithm  was  developed  to  automatically  edit 


radar  data  with  nearly  the  sane  degree  of  confidence  as  achieved 
by  an  experienced  scientist  doing  hand-editing.  The  results  of 
this,  and  similar  informal  yet  useful  studies,  were  shared  with 
scientists  at  the  AL  and  WPL  for  use  In  designing  future  radar 
systems. 

(c)  The  PI  presented  Atmospheric  Physics  Seminars  at  the 
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